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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a fiber grating in the state of maintaining the 
strength intrinsically possessed by optical fiber and an 
optical fiber having the fiber grating. 
SOLUTION: This method has a first stage for forming a 
coated fiber 15 by providing the outer periphery of the 
optical fiber 10 having a photosensitive core 12 or the 
photosensitive core 12 and a clad 1 1 with a thin layer 
14 allowing the transmission of the light of a prescribed 
wavelength to which the core 12 or the core 12 and the 
clad 1 1 are sensitive and a second stage for forming 
refractive index fringes 13 in the axial direction of the 
core 12 or the core 12 and the clad 1 1 by irradiating 
the prescribed region of the coated fiber 15 with light 
of the prescribed wavelength from the lateral side. 
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* NOTICES * 



re spun s 



JPO and NCI PI are not resflohsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The creation approach of the fiber grating which irradiates the light of said 
predetermined wavelength from the side to the 1st process which forms the coat which 
penetrates the light of the predetermined wavelength which said core or said core, and clad 
expose on the periphery of an optical fiber which has a core or a photosensitive photosensitive 
core, and a photosensitive clad on said optical fiber, and the predetermined field of said coated 
fiber, and is characterized by to have said core or said core, and the 2nd process to which a 
refractive index changes to the predetermined field of clad. 

[Claim 2] Said 1st process is the creation approach of the fiber grating according to claim 1 
characterized by being the process which prepares the coat of either ultraviolet-rays hardening 
resin, silicon resin or carbon in the periphery of an optical fiber. 

[Claim 3] The thickness of covering of said silicon resin is the creation approach of the fiber 
grating according to claim 2 characterized by being 5-10 micrometers. 
[Claim 4] The creation approach of the fiber grating according to claim 1 characterized by 
preceding giving a grating to the optical fiber covered with said 2nd process after forming a 
coat in an optical fiber at said 1st process, and adding hydrogen to the coated fiber concerned. 
[Claim 5] The creation approach of the fiber grating according to claim 1 characterized by giving 
a reinforcement layer on said coated fiber after giving a grating at said 2nd process. 
[Claim 6] Said 2nd process is the creation approach of the fiber grating according to claim 1 
characterized by being the process which forms the stripes of said refractive index by the 
approach of either a phase lattice approach, the holographic method or the intensity modulation 
mask method. 

[Claim 7] Said 2nd process is the creation approach of the fiber grating according to claim 1 or 
6 characterized by being the process to which one light of the X-rays the ultraviolet radiation 
whose wavelength is 190-330nm, the light whose wavelength is 450-550nm, or whose 
wavelength are 0.12-0.7nm is irradiated, and a refractive index is changed. 

[Claim 8] The optical fiber characterized by forming the stripes of a refractive index in the shaft 
orientations of said core or said core, and clad by carrying out wire drawing of the optical fiber 
which has a core or a photosensitive photosensitive core, and a photosensitive clad, adding 
hydrogen while the thin layer which penetrates the light of the predetermined wavelength which 
said core or said core, and clad expose immediately after that is covered, and irradiating the 
light of said predetermined wavelength after that. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical fiber which has the approach of 
changing the refractive index of the core section of an optical fiber periodically in accordance 
with an optical axis, and creating a fiber grating, and this fiber grating. 
[0002] 

[Description of the Prior Art] In recent years, with progress of an optic fiber communication 
technique, network complication, multiplexing of signal wave length, etc. advance, and a system 
configuration is developed. The importance of an optical circuit element is increasing in such an 
optical transmission system. It has advantages, like that the fiber mold component as one of the 
general configurations in an optical circuit element is small, and an insertion loss is small, and 
connection with an optical fiber is easy. And the fiber mold filter is known as such a fiber mold 
component. 

[0003] Recently, research and development in an optical fiber mold diffraction grating is done as 
a fiber mold filter which the knowledge that the refractive index of the core section changes is 
common knowledge, and used such an optical induction refractive-index change by ultraviolet 
radiation exposure about the silica glass fiber which doped the germanium dioxide in the core 
section. This optical fiber mold diffraction grating reflects the optical part of specific wavelength 
among the light which advances the inside of an optical fiber, and is manufactured by what 
(grating) the field where the refractive index changed with the exposures of ultraviolet radiation 
to the core section of an optical fiber periodically in accordance with the optical axis is 
generally formed for. 
[0004] 

[Problem(s) to be Solved by the Invention] It is known that the refractive-index change by 
ultraviolet radiation exposure originates in the glass defect of the germanium relation which 
exists in the glass of the core section. However, since there are few glass defects, even if it 
irradiates ultraviolet radiation in the glass optical fibre which doped a germanium dioxide like 
before in the core section, refractive-index variation deltan is small, therefore a reflection 
factor's is small. Although there is also the approach of enlarging grating length as shown in the 
above-mentioned formula in order to make a reflection factor high, in irradiating an ultraviolet 
radiation laser beam, the optical system which high homogeneity is required of a laser beam, 
therefore performs an ultraviolet radiation exposure becomes complicated. 
[0005] Then, the approach of adding hydrogen to an optical fiber is learned in order to make a 
reflection factor high, and to increase ****** of a refractive index to the exposure quantity of 
light of ultraviolet radiation. Although addition of the hydrogen to an optical fiber is performed 
by high-pressure hydrogen pressure treatment, in order to enlarge refractive-index change, it is 
desirable for addition hydrogen concentration to be high. For this reason, as an approach of 
adding high-concentration hydrogen, in the container which generally pressurized hydrogen at 
high voltage, fixed period neglect is carried out and an optical fiber is performed. However, 
conventionally, the coat was usually removed in production of a grating, and the approach of 
irradiating, where glass is exposed was taken. In order to remove a coat, the front face of an 
optical fiber contacted direct air, the front face of glass attached the blemish for oxidation 
degradation on the surface of the optical fiber during lifting slack and manufacture, and there 
was a problem of causing lowering of tensile strength rapidly. Moreover, the problem of giving a 
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re-coat was in the opti|^£iber after grating production. 

[0006] Then, the object^Pchis invention offers how an optical fibel^Rates a fiber grating 
where the reinforcement which it originally has is held. The object of this invention offers an 
optical fiber with large tensile strength, forming further the fiber grating which was excellent in 
the reflection factor. 
[0007] 

[Means for Solving the Problem] The creation approach of the fiber grating concerning this 
invention is characterized by to equip the periphery of an optical fiber which has a core or a 
photosensitive photosensitive core, and a photosensitive clad with a core or a core, the 1 st 
process that forms the coat which penetrates the light of the predetermined wavelength which 
a clad exposes on an optical fiber, and the 2nd process to which the light of predetermined 
wavelength is irradiated from the side to the predetermined field of a coated fiber, and a 
refractive index is changed to the predetermined field of a core or a core, and a clad. 
[0008] Since it does not oxidize since according to this invention a grating is formed in the 
coated fiber in the condition that the coat was given in the 2nd process after forming a coat in 
the periphery of an optical fiber in the 1st process, and the front face of an optical fiber does 
not touch with direct air, and a blemish is not attached on the surface of an optical fiber during 
manufacture, the reinforcement of optical fiber original is held. 

[0009] In the 1st process of this invention, since there is little transmission loss of ultraviolet 
radiation for the coat prepared on an optical fiber to carry out the grating of the case of organic 
resin, such as silicon resin and an epoxy resin, effectiveness becomes good. In it, since silicon 
resin is the ingredient applied to the usual coated fiber, it is easy to come to hand, and it serves 
as low cost. Moreover, a grating can be formed without most ultraviolet radiation's receiving 
loss for the thickness of silicon resin by about 5-10 micrometers. 

[0010] In the creation approach of this invention, after forming a coat in an optical fiber at the 
1st process, it precedes giving a grating to the optical fiber covered with the 2nd process, and 
is characterized by adding hydrogen to a coated fiber. Since a grating can be formed quickness 
and effectively by carrying out addition processing of the hydrogen before giving a grating, it is 
desirable. 

[0011] In the creation approach of this invention, if reinforcement layers, such as ultraviolet 
curing mold resin or nylon, are given on a coated fiber after giving a grating at the 2nd process, 
since the reinforcement of an optical fiber will be secured, it is desirable. 
[0012] It is characterized by the 2nd process in this invention being a process which forms 
refractive-index stripes by the approach of either a phase lattice approach, the holographic 
method or the intensity modulation mask method, and the ultraviolet radiation whose 
wavelength is 190-330nm, the light whose wavelength is 450-550nm, or wavelength is 
characterized by being the process to which one light of the X-rays which are 0.12-0.7nm is 
irradiated, and a refractive index is changed. 

[0013] According to this invention, although either ultraviolet radiation the light or an X-ray is 
possible, from a penetrable viewpoint that exposure light penetrates an enveloping layer, the 
wavelength band for irradiating light from on a coated fiber and forming a fiber grating is 
superior in the light of ultraviolet radiation, and the X-ray is superior to the light, and it can 
form a grating efficiently. 

[0014] The 1st process in this invention is characterized by being the process which prepares 
the thin layer of either ultraviolet-rays hardening resin, silicon resin or carbon in the periphery 
of an optical fiber. Since the attenuation to the exposure light for forming a grating is small, 
these covering material is suitable while it is suitable for holding the mechanical strength and 
transmission characteristic of an optical fiber. 

[0015] Wire drawing of the optical fiber which has a core or a photosensitive photosensitive 
core, and a photosensitive clad is carried out, while the thin layer which penetrates the light of 
the predetermined wavelength which a core or a core, and a clad expose immediately after that 
is covered, hydrogen is added, and the optical fiber of this invention is characterized by forming 
the stripes of a refractive index in the shaft orientations of a core or a core, and a clad by 
irradiating the light of predetermined wavelength after that. 

[0016] Since light is irradiated from on a coated fiber and a grating is formed while hydrogen is 
added through the covered thin layer according to the optical fiber concerning this invention, it 
can prevent that the optical fiber of a vitreous state carries out oxidation degradation, or a 
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surface crack occurs. F^Bkermore, since the optical fiber of this ij^fetion is covered 
immediately after wire JBIring, it holds the reinforcement of glass ^Bfinal, and it can obtain the 
optical fiber of high intensity. 
[0017] 

[Embodiment of the Invention] Hereafter, the operation gestalt concerning the creation 
approach of the fiber grating of this invention is explained to a detail, referring to an 
accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the 
same element, and the overlapping explanation is omitted. 

[0018] The optical fiber which has a fiber grating meets the shaft of an optical fiber, and gives 
periodic refractive-index distribution of a fine pitch to incore. Furthermore, this fiber grating is 
divided into (1) fiber Bragg grating and a (2) long periods grating. If the optical period of 
refractive-index distribution is written in as a vertical grating of the half-wave length, since 
partial reflection will be carried out to a fiber core in each part of a grating, on the whole, many 
backward waves occur, and since the phase has gathered, a fiber Bragg grating causes 
interference which suits in slight strength. Consequently, the reflected light with sharp 
wavelength selectivity occurs. 

[0019] On the other hand, if the period of a grating makes it 2pi by the optical path difference in 
core mode and clad mode while a long period grating carries out induction of the association 
between the core mode in which the optical fiber which has a fiber grating is transmitted, and 
clad mode, the strong power conversion in clad mode from core mode will produce it. 
Consequently, since clad mode is decreased quickly, in the fiber transmitted light, the hollow of 
a spectrum appears. 

[0020] (Operation gestalt 1) First, the creation approach of a fiber Bragg grating is explained. 
Drawing 1 is drawing showing the equipment for pressing hydrogen fit in a coated fiber. In 
drawing 1 , the coated fiber 15 (refer to drawing 2 ) covered by the thin layer 14 in the 
surroundings of the optical fiber 10 which consists of quartz glass is installed in a pressurized 
container 20, hydrogen (H2) gas is sent in from a bulb 21 side, and it is ****** with the 
thermoregulators 23, such as a heater. The temperature of a vessel 20 is set up. 
[0021] A coated fiber 15 is the usual silica glass fiber which contains a germanium dioxide 
(Ge02) in the core section, and organic materials, such as silicon resin and an epoxy resin, are 
used as a thin layer 14. Although these organic materials absorb and harden a heat ray, since 
the ultraviolet radiation used for a grating is not affected directly, its effectiveness of a grating 
is good. In it, since silicon resin is the ingredient applied to the usual coated fiber, it is easy to 
come to hand, and it serves as low cost. Moreover, if thickness of silicon resin is made into 
extent of 5-10 micrometers, the grating of most ultraviolet radiation can be carried out without 
receiving loss. 

[0022] Since an organic material is used for a thin layer 14 in this operation gestalt, 
hydrotreating for raising the effectiveness of a grating is performed in ordinary temperature - 
100 degree C. Hydrotreating is performed with ten to 400 atmospheric pressure. It is because 
the effectiveness of hydrogenation will be saturated if there is no effectiveness of addition of 
the hydrogen pressure force of hydrogen with less than ten atmospheric pressures substantially 
and it exceeds 400 atmospheric pressures. If hydrogen is added by the coated fiber 15, the 
germanium dioxide doped by the core section of an optical fiber 10 will become is easy to be 
returned, and the phenomenon in which a part of oxygen combined with germanium or Si is 
removed will occur. If germanium and Si by which a part of hemoglobin bound oxygen was 
removed join together and suit, the defect of an oxygen-deficiency mold will newly arise, deer 
existence will not usually be only recognized in the core section of an optical fiber, and the 
defect of an oxygen-deficiency mold will increase. 

[0023] Subsequently, the pressure of the application-of-pressure container 20 by which 
hydrogenation was carried out in the state of high voltage is descended to ordinary pressure, 
and a coated fiber 15 is taken out. Thus, since this invention carries out hydrotreating where a 
thin layer 14 is formed on an optical fiber 10, and a grating is given, since the front face of glass 
fiber 10 does not contact air and directly, it reacts with the moisture in air and it does not 
deteriorate. Since attaching a blemish on the surface of glass fiber furthermore is prevented, 
the reinforcement of glass original can be held. 

[0024] Next, how to irradiate ultraviolet radiation is explained to the coated fiber by which 
hydrotreating was carried out. It is an explanatory view at least for drawing 3 to irradiate the 
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at a coated fiber 15. 

[0038] A coated fiber I^JJes a quartz as a principal component, J^P^he germanium of 
refractive-index lifting material is added by only the core. This germanium also has a role of 
sensitization material to the ultraviolet radiation the wavelength of 193nm, or near 248nm as 
everyone knows. That is, the quartz glass with which germanium was added has the property to 
go up in the exposure part, if the ultraviolet radiation of the above wavelength is irradiated. In 
view of this, the excimer laser light of a wavelength the band of 248nm is used as exposure 
ultraviolet radiation to a coated fiber 1 5. 

[0039] The intensity modulation mask 61 has vapor-deposited two or more band-like chromium 
layer 61b at equal intervals on the front face of transparent quartz-glass plate 61a. This 
chromium layer 61b has the operation which intercepts ultraviolet radiation 31. Therefore, the 
optical cutoff section (chromium layer) and the light transmission section (glass front face 
located between each chromium layer) will be arranged in the shape of a grid by turns in the 
chromium vacuum evaporation© side of quartz-glass plate 61a. With this operation gestalt, the 
ultraviolet radiation beam 31 is irradiated by the field of the opposite hand of the chromium 
vacuum evaporationo side of this intensity modulation mask 61, and only the ultraviolet 
radiation which penetrated the glass front face between chromium layers is irradiated by the 
optical fiber 15. For this reason, ultraviolet radiation will be irradiated by the coated fiber 15 in 
the shape of [ at equal intervals ] a grid. Incidence of this exposure light is carried out to the 
core by which the germanium which is sensitization material is added, and it carries out 
induction of the refractive-index change of a core. By this, two or more parts where the 
refractive index rose locally to the core of a coated fiber 1 5 will be arranged at equal intervals 
in the shape of a grid along with the axis of a core. 

[0040] Dr awing 7 (b) is drawing showing the refractive-index distribution in alignment with the 
core after doing in this way and forming a long period grating, and the fiber shaft orientations of 
a clad. As shown in drawing 7 (b), two or more local refractive-index rising limbs are formed in 
the core of the above-mentioned ultraviolet radiation exposure, and the long period grating is 
constituted by it. In addition, although only three refractive-index rising limbs by ultraviolet 
radiation exposure are shown in drawing 7 (b) for simplification of a drawing, the actual long 
period grating is usually constituted to about hundreds of pieces, including such a refractive- 
index rising limb two or more. 

[0041] When irradiating ultraviolet radiation and forming a long period grating in a coated fiber, 
the thin layer of silicon resin or an epoxy resin is desirable like the operation gestalt 1, and the 
thickness of further 5-10 micrometers is desirable. 

[0042] (Operation gestalt 3) In the operation gestalten 1 and 2, how to irradiate ultraviolet 
radiation and create a fiber grating was explained. That is, since there was an inclination which 
ultraviolet radiation decreases by the thin layer covered by the periphery of an optical fiber 
when ultraviolet radiation was irradiated from on the coated fiber, while using silicon resin with 
comparatively little attenuation, the good result was able to be obtained by limiting the 
thickness to 5-10 micrometers. 

[0043] On the other hand, the operation gestalt 3 explains how to create the fiber grating which 
cannot be easily influenced by the covering material of an optical fiber, and its thickness. 
Namely, according to the latest research result, absorption produced [ wavelength ] the core of 
the optical fiber with which germanium was added in the ultraviolet radiation near 240nm, but as 
for the solution, it came that refractive-index change also produces light with a twice as many 
wavelength [ as this ] of 240nm. It is thought that the mechanism of the refractive-index 
change by the light near [ this ] 480nm is based on two photon absorption. 
[0044] Since attenuation of the light by this covering material is small even if it uses organic 
materials, such as comparatively transparent silicon resin or ultraviolet curing mold resin, as 
covering material of an optical fiber when creating a fiber grating by such the light, a fiber 
grating can be formed efficiently. Moreover, any approach of the intensity modulation mask 
method shown in the exposure approach explained with the operation gestalt 1, i.e., the 
holographic method, the phase lattice approach, and the operation gestalt 2 is applicable. 
[0045] When the light of such a wavelength band is used, the covering material used for a 
coated fiber has the advantage that the coat thickness can also be used to dozens of 
micrometers, without being restricted to silicon resin or an epoxy resin (it being usable if it is 
generally transparent resin). 
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[0046] (Operation gest^|^ An X-ray can be used as an exposun^tabt for creating a fiber 
grating. Since an X-ray^^rdly influenced by the covering mater^^iich has covered the 
periphery of a coated fiber, a fiber grating can be created most effectively. With the operation 
gestalt 4, such an X-ray shows how to create a grating to a coated fiber. 

[0047] Drawing 8 is the sectional view of the equipment which irradiates an X-ray and forms a 
fiber grating in a coated fiber 1 5. In drawing 8 , an X-ray with a wavelength [ from a syncrotron 
radiation facility (not shown) ] of 0.1 2nm - 0.7nm is discharged, and a coated fiber 15 irradiates 
through the intensity modulation mask 62 of an X-ray. 

[0048] Synchrotron radiation (SR light) is drawn in SR light irradiation chamber 24 through SR 
light installation tubing 25 from synchrotron radiation equipment. Since the syncrotron radiation 
facility side of the introductory tubing 25 is maintained by the ultra-high vacuum to the 
irradiation chamber 24 containing the helium of atmospheric pressure, the diaphragm 26 is 
formed in the middle of the introductory tubing 25. 

[0049] Shielding layer 62b of an X-ray is prepared in the shape of a grid at the predetermined 
spacing supporting lamella with which X-ray intensity modulation mask 62 penetrates X-ray 
62a, and on it. The silicon nitride film with which supporting lamella 62a has a mechanical 
strength and X-ray penetrability to an X-ray, the silicon carbide film, and the diamond film are 
used. The tungsten layer and tantalum layer in which X-ray shielding layer 62b has electric 
shielding capacity to an X-ray are used. 

[0050] Since germanium is included in the core of a coated fiber 15, in the exposure of an X- 
ray, a refractive index increases and, as for a carrier beam field, the refractive-index change by 
the pattern of the X-ray intensity modulation mask 62 is obtained by the shaft orientations of a 
core. Even if inorganic materials, such as organic materials, such as silicon resin and ultraviolet 
curing mold resin, or carbon, are used as covering material of an optical fiber at this time, since 
the X-ray for irradiating a core with these covering material hardly receives attenuation, it has 
the advantage that a grating can be formed efficiently. 

[0051] Since the light, the ultraviolet radiation, or the X-ray of wavelength is irradiated from on 
the optical fiber with which the thin layer of the organic material which becomes the periphery 
of glass fiber from silicon resin or ultraviolet-rays hardening resin, and carbon was given and a 
grating is formed as this invention is shown with having explained above in a table 1, the optical 
fiber of high intensity is obtained. Since the light with a wavelength of 450-550nm has the 
property which cannot penetrate carbon easily here, when using carbon as a thin layer, it is 
desirable to make it as thin as possible. Moreover, it is desirable to make it as thin as possible, 
also when using ultraviolet-rays hardening resin as a thin layer, since ultraviolet radiation with a 
wavelength of 190-330nm also has the property which cannot penetrate ultraviolet-rays 
hardening resin easily. 
[0052] 
[A table 1] 
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[0053] 

[Effect of the Invention] Since it can prevent that the front face of glass fiber does not contact 
direct air, and a blemish generates it on the surface of glass fiber since this invention forms 
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addition processing andAa grating of hydrogen about the optical flmz which prepared the 
enveloping layer for prdHpng a periphery as explained above, an ^Jbal fiber can hold the 
reinforcement which it originally has. 

[0054] Thus, since the reflected wave length by the grating will shift the formed optical fiber if 
tensile strength is large and tension is added, it fits the sensor for tension measurement 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing explaining the hydrogenation process in the creation approach of a 
fiber grating. 

[Dra wing 2] It is drawing showing the configuration of the coated fiber used for the creation 
approach of a fiber grating. 

[Dr awin g 3] It is drawing explaining the diffraction-grating write-in process (phase lattice 
approach) in the creation approach of a fiber grating. 

[Drawing 4] It is drawing explaining the diffraction-grating write-in process (the holographic 
method) in the creation approach of a fiber grating. 

[Drawing 5] It is the block diagram showing the system which measures the reflection factor of 
a fiber Bragg grating. 

[Drawing 6] In a wire-drawing process, it is drawing explaining how to form the thin layer of an 
organic material on an optical fiber. 

[Drawing 7] It is drawing explaining the diffraction-grating write-in process (the intensity 
modulation mask method) in the creation approach of a fiber grating. 
[Drawin g 8] It is drawing explaining the diffraction-grating write-in process (the intensity 
modulation mask method by the X-ray) in the creation approach of a fiber grating. 
[Description of Notations] 

1 [ ... Heating furnace, ] ... A base material, 2 ... Heating apparatus, 3 ... The coater of an organic 
material, 4 10 ... An optical fiber (glass fiber), 1 1 ... Clad section, 12 [ ... Coated fiber, ] ... The 
core section, 13 ... A diffraction grating, 14 ... A thin layer, 15 20 ... 21 A pressurized container, 
22 ... A bulb, 23 ... Thermoregulator, 24 ... SR light irradiation chamber, 25 ... SR light installation 
tubing, 26 ... Very RYUUMU diaphragm, 40 ... An interference device, 41 ... 42 A beam splitter, 
43 ... Mirror, 50 [ ... The light source, 80 / ... An optical coupler, 90 / ... An optical spectrum 
analyzer, 100 / ... Matching oil ] ... Interference space, 60 ... 61 A phase grating, 62 ... 30 An 
intensity modulation mask, 70 
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DRAWINGS 



[ Drawing 1 ] 




[Drawing 2] 
(a) 
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[Drawin g 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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